A new α-pinene derivative (1) was isolated from the stem of Nauclea orientalis (L.) L. (Rubiaceae), together with twelve known compounds, including four terpenoids, loganetin (2), loganin (3), sweroside (4), grandifloroside (5), four simple phenols, methyl protocatechuate (6), trans-p-coumaric acid (7), 3-(2,4dihydroxylphenyl)propanoic acid (8), methyl 3-(2,4-dihydroxylphenyl)propanoate (9), two coumarin glucosides, skimmin (10), adicardin (11), an anthraquinone, aloe emodin (12), and a lignan, (+)-pinoresinol (13). Their structures were elucidated on the basis of spectroscopic data. All compounds were tested for DPPH free radical scavenging and lipid peroxidation inhibitory activities. Among them, compounds 5 and 6 displayed strong antioxidant activity with IC 50 values of 6.6 and 67.9 µM, 12.4 and 813.0 µM, respectively.
Nauclea orientalis (L.) L. (Rubiaceae) is widely distributed over the tropical regions of Asia including Vietnam. A decoction of the stem and bark has been used traditionally in Vietnam for the treatment of fever and ascites [1a] . Alkaloids and terpenoids have previously been reported from the root, bark and leaves of this plant [1b,c,2a]. In our screening program, we found that the methanolic extract of the stem of N. orientalis exhibited significant DPPH free radical scavenging and lipid peroxidation inhibitory activities with IC 50 values of 9.4 and 68.3 μg/mL, respectively. Therefore, we investigated the chemical constituents and previously reported four triterpenoid saponins [2b] . Further chemical investigation of the stem extract of N. orientalis recently yielded 13 additional secondary metabolites (five terpenoids, four simple phenolics, two coumarin glucosides, an anthraquinone, and a lignan). We herein report the structure elucidation of the new compound and the DPPH free radical and lipid peroxidation inhibitory activity of all the isolated compounds.
The methanolic extract of the stem of N.orientalis was successively partitioned into n-hexane, chloroform, ethyl acetate, and water fractions. The ethyl acetate fraction was subjected to a series of chromatographic separations and preparative TLC to afford a new compound (1, naucleaorinoside A) together with 12 known compounds, loganetin (2) [3] , loganin (3) [3] , sweroside (4) [4a] , grandifloroside (5) [4b], methyl protocatechuate (6) [4c], trans-pcoumaric acid (7) [5a], 3-(2,4-dihydroxylphenyl)propanoic acid (8) [5b], methyl 3-(2,4-dihydroxylphenyl)propanoate (9) [6] , skimmin (10) [7] , adicardin (11) [8] , aloe emodin (12) [9] , and (+)pinoresinol (13) [10] (Figure 1 ). The known compounds were identified by analysis of their spectroscopic data and comparison with literature data.
Naucleaorinoside A (1) was determined as C 21 H 32 O 11 from the HR-ESI-MS ion at m/z 483.1833 [M+Na] + (Calcd for C 21 H 32 O 11 Na, 483.1842). The IR spectrum of 1 showed absorption peaks at 3454 cm -1 (OH), 3010 cm -1 (C-H), 1740 cm -1 (C=O), and 1646 cm -1 (C=C). Compound 1 was a monoterpenoid glucoside with 21 carbons, which was confirmed by NMR spectra. For the aglycone moiety of 1, the 1 H NMR spectrum (shown in Table 1 ) displayed signals due to an olefinic methine proton at δ 6.97 (1H, brs, H-3); two methine protons at δ 2.80 (1H, t, J = 5.5 Hz) and 2.14 (1H, brs, H-5); four methylene protons at δ 1.13 (1H, d, J = 9.0 Hz, H-4a), 2.52 (1H, m, H-4b), and 2.48 (2H, m, H-6); and two methyl groups at δ 0.82 (3H, s, H-8) and 1.36 (3H, s, H-9). On the other hand, the 13 C NMR spectrum (Table 1) showed 10 carbon signals including two vinylic carbons at δ 146.6 (C-2) and 140.3 (C-3), two methine carbons at δ 42.5 (C-1) and 41.7 (C-5), two methylene carbons at δ 32.1 (C-4) and 33.3 (C-6), two methyl carbons at δ 21.3 (C-8) and 26.3 (C-9), a quaternary carbon at δ 38.3 (C-7), and a carbonyl carbon at δ 172.1 (C-10). The HMBC spectrum of 1 showed correlations from proton H-8 and H-9 with C-7, C-1, and C-5, thereby suggesting the attachment of two methyl groups to a quaternary carbon (C-7). A bridge methylene at the C-6 position was confirmed by the COSY correlations between H-1/H-6 and H-5/H-6. The location of the carbonyl group was determined to be at C-2 by HMBC correlations of H-1, H-3 with C-10. These partial NPC Natural Product Communications 1902 Natural Product Communications Vol. 10 (11) 2015 Dao et al. structures were connected based on the correlations observed in the COSY and HMBC spectra ( Figure 2 ), leading to an α-pinene structure for 1. The NMR spectra of 1 displayed some characteristics of an ester of myrtenic acid [11] . For the sugar moiety, in the 1 H NMR spectrum, two anomer proton signals at δ H 5.49 (1H, d, J = 8.0 Hz, H-1') and δ H 4.96 (1H, J = 2.5 Hz, H-1'') suggested that 1 contained two sugar units. The 13 C NMR spectrum displayed 11 carbons including two acetal carbons at δ 95.6 (C-1') and 110.9 (C-1''); five oxymethine carbons at δ 74.0 (C-2'), 75.0 (C-3'), 71.2 (C-4'), 77.6 (C-5'), and 77.9 (C-2''); three oxymethylene carbons at δ 68.3 (C-6'), 77.6 (C-4'') and 65.6 (C-5''); and an oxygenated quaternary carbon at δ 78.0 (C-3''). The COSY and HSQC spectra revealed the partial connectivities (bold line) between H-1'/H-2', H-2'/H-3', H-3'/H-4', H-4'/H-5', and H-5'/H- 6' showing that this sugar unit was a β-D-glucopyranoside ( Figure 2 ). The remaining sugar unit was determined to be a β-D-apiose by the COSY correlation between H-1''/H-2'' and the HMBC correlations from H-5'', H-4'', H-1'', H-2'' to the oxygenated quaternary carbon (C-3''). The structure of the sugar part of 1 was similar to that of adicardin (11) [8] . The HMBC spectrum showed the correlation of proton H-1'' with C-6', indicating that the linkage between the two sugar units is C-6' (Glc) → C-1'' (Apio); H-1' with C-10 indicated the esterification at the C-1' position of the glucose unit ( Figure 2) . The structure and relative configuration of 1 were analyzed by NOESY experiment (Figure 2 ). In the NOESY spectrum, H-4a correlated with H-6, so H-4a is αoriented and H-4b is  oriented.
Correlations between H-6/H-9 revealed the  orientation of H-9 and the αorientation of H-8. H-1 correlated with H-5 and H-6, which reconfirmed the bridge methylene at the C-6 position. Besides, the specific rotation of 1 is similar to a known compound that has the same sugar moiety structure, and the difference in the aglycone moiety is a carbonyl group at C-10, instead of methylene [8] . Based on the above analysis, the structure of the new compound naucleaorinoside A (1) was deduced as shown ( Figure 1 ). The isolated compounds were tested for their DPPH free radical scavenging and lipid peroxidation inhibitory activities ( Table 2) . The assays were carried out at different concentrations ranging from 1-100 μM and 10-2000 μM for DPPH free radical scavenging and lipid peroxidation inhibitory activities, respectively. All compounds possessed DPPH inhibitory activity, among them, compounds 5, 6 and 13 showed more potent activities, with IC 50 values of 6.6 μM, 12.4, and 40.3 μM, respectively. Compound 5 exhibited much more activity than Trolox (IC 50 , 7.0 µM). The effect of antioxidants on DPPH radical scavenging is thought to be due to their hydrogen donating ability. Therefore, the significant differences in activity between the compounds are likely to be due to the number of hydroxyls present in the aromatic ring [12a] , although the series of compounds from 1-4 and 7-13 tested were limited.
Based on the results obtained from the DPPH assay, three isolated compounds which exhibited free scavenging activities were tested for lipid peroxidation inhibition by the thiobarbituric acid assay in vitro (Table 3 ). Compounds 5 and 6 showed stronger antioxidant activity than the positive control, Trolox (IC 50 , 2265.2 µM) with IC 50 values of 67.9 µM and 813.0 µM, respectively. These results suggested that compounds 5 and 6 inhibit the formation of peroxides and hydroperoxides, and, therefore, are able to slow the process of rancidity and greatly increase the shelf life of foods. In conclusion, a new α-pinene derivative, together with twelve known compounds were isolated and identified from the stem of N. orientalis. These were studied for their DPPH free radical scavenging and lipid peroxidation inhibitory activities. Compounds 5 and 6 showed strong antioxidant activity using the two methods. In addition, this investigation of antioxidant compounds suggested that the potency of these compounds could provide a chemical basis for some of the health benefits claimed for N. orientalis in foods and folk medicine. Extraction and isolation: The dried stem (5 kg) of N. orientalis was extracted with methanol (reflux, 3 h x 3) to yield a methanolic extract (1 kg), which was suspended in water and partitioned successively with n-hexane, chloroform, and ethyl acetate to yield n-hexane (6 g), chloroform (3.9 g), ethyl acetate (50 g) and water (700 g) fractions, respectively. The ethyl acetate fraction was applied to silica gel column chromatography (CC) eluted with chloroform:methanol to give 7 fractions: fr.1-fr.7. Fraction 2 was separated by preparative TLC with n-hexane:acetone (9:1) to give aloe emodin (12, 6.4 mg). Fraction 3 was separated by preparative TLC with n-hexane:acetone (8:2) to give p-coumaric acid (7, 5.5 mg), 3-(2,4-dihydroxylphenyl)propanoic acid (8, 151 .2 mg), methyl 3-(2,4-dihydroxylphenyl)propanoate (9, 102.3 mg), and (+)pinoresinol (13, 5.3 mg). Fraction 4 was separated by preparative TLC with n-hexane:acetone (7:3) to give loganetin (2, 6.1 mg) and methyl protocatechuate (6, 60.5 mg). Fraction 5 was applied to silica gel CC eluted with chloroform:methanol to give skimmin (10, 8 g) . Fraction 6 was separated by preparative TLC with ethyl acetate:methanol:water (16:1:1) to give naucleaorinoside A (1, 5.5 mg), loganin (3, 45.9 mg), sweroside (4, 10.8 mg), grandifloroside (5, 24.7 mg), and ardicardin (11, 8.8 mg) . Their structures were identified by spectral analysis and comparison of their data with those in the literature. 
DPPH free radical scavenging assay:
The DPPH free radical scavenging assay was performed as previously described by Molyneux [12b] . Briefly, a 0.1 mM solution of DPPH in 90% ethanol was prepared and then 1.5 mL of this solution was mixed with 1.5 mL of each sample (crude extract) at concentrations of 100, 50, 25, 10 μg/mL in 90% ethanol. After 30 min incubation in the dark, the decrease in the solution absorbance was measured at 517 nm in a Shimadzu UV-1800 spectrophotometer (Kyoto, Japan). DPPH inhibitory activity was expressed as the percentage inhibition (I%) of DPPH in the above assay system, calculated as (1-B/A) x100, where A and B are the activities of the DPPH without and with test material. IC 50 (inhibitory concentration, 50%) values were calculated from the mean values of data from 3 determinations. Trolox at various concentrations (1, 2.5, 5, 10 μM) was used as a positive control.
Lipid peroxidation inhibition assay:
The lipid peroxidation inhibition assay was determined according to the modified method of Singh and Arora [12c]. TBA reacts with MDA to form a diadduct, a red chromogen, which can be detected spectrophotometrically at 532 nm. Normal rats (200-250 g) were used for the preparation of brain homogenate. Brain was excised and washed with 0.95 M NaCl solution. Brain homogenate was prepared with a homogenizer at -5 o C with 5 mM phosphate buffered saline (PBS) buffer (1:10) for 30 min. The homogenate was centrifuged for 15 min, and clear cell free supernatant was used for the study of in vitro lipid peroxidation. Each extract (0.1 mL) at different concentrations (10-2000 μg/mL) in dimethyl sulfoxide was taken into a test tube. 1.4 mL of 50 mM PBS buffer and 0.5 mL of rat brain homogenate were added to the tubes. After incubation at 37 o C for 15 min, the reaction was stopped by addition of 1 mL of 10% TCA and 1 mL of 0.8% TBA. The mixture was then heated at 100 o C for 15 min. The samples were cooled, centrifuged and the absorbance of the supernatants was measured at 532 nm. The percentage inhibition of lipid peroxidation is calculated as (1-B/A) x100, where A and B are the activities of the MDA without and with test material. IC 50 values were calculated from the mean values of data from 3 determinations. Trolox at various concentrations (10, 50, 100, 500, 1000 μM in 90% ethanol) was used as a positive control.
Supplementary data: Details on the antioxidant assays of compounds 1-13 and 1 H, 13 C, DEPT, COSY, HSQC, HMBC, NOESY NMR, and IR spectra of compound 1 are also available.
